The rapid proton capture process (rp process) is a dominant reaction sequence in explosive hydrogen burning that synthesizes heavier elements, especially proton-rich unstable nuclides. Therefore, accurate thermonuclear reaction rates for (p,) reactions on the rp process path are essential for an understanding of the nucleosynthesis processes and energy production. We studied proton resonant states in 26 Si and 27 P via elastic scattering in inverse kinematics at the low-energy RI beam facility CRIB (CNS Radioactive Ion Beam separator), University of Tokyo. By using a thick H 2 gas target, excitation energies range of 6.8 to 8.2 MeV in 26 Si and 2.3 to 3.8 MeV in 27 P were scanned, respectively. Several resonances above the proton threshold level were observed with high statistics and free from any background contribution in the target. Their resonance parameters were subsequently extracted by an R-matrix analysis; these are important to better constrain the production rates of the 25 Al(p,)
Introduction
Mg, giving rise to a 1.809-MeV -ray [1] . In principle, internal transitions from the isomer to the ground state of Si reaction becomes significantly faster than the  decay of 25 Al at higher temperatures [5] . Al, these reactions may play a role in novae of the hotter variety or typeⅠ X-ray bursts. In such scenarios processing occurs mostly via the rp process which control the energy generation and nucleosysnthesis. Model simulations show that these reactions are activated along the rp-process paths in explosive hydrogen burning [6, 7] . The thermonuclear reaction rates of stellar capture reactions are determined by the properties of energy levels in the compound nucleus within the Gamow windows corresponding to the stellar temperatures at which these reactions occur. Therefore states in 26 Si and 27 P need to be well understood in order to determine these proton capture reaction rates. The uncertainty in these rates is mainly due to the lack of nuclear structure information above the proton threshold. P is still insufficient because of uncertain resonance parameters such as resonance energies and spin-parity assignments. In addition, there is the possibility of finding a number of experimentally unobserved states.
Experiment
The measurments of 25 Al+p and 26 Si+p elastic scattering were performed at the low-energy RI beam facility CRIB [8, 9] angles in the laboratory frame were detected by using silicon detectors for a ΔE-E telescope.
By calculating the elastic scattering kinematics of 25 Al+p, the measured proton energy of each event was converted to a center-of-mass energy, E c.m. , corrected for the energy loss of particles in the target. The experimental differential cross sections of the proton scattering events were calculated from the number of selected proton events and incident beam ions, the target thickness, and the different solid angles depending on the interaction position in the thick target. Figure 2 is the excitation function at  lab = 0° in E c.m. . Several peak-like structures were clearly observed. Corresponding excitation energies in 26 Si were calculated through the relation that E x = E c.m. + 5.518 (MeV) [11] .
Data anaylsys and results
The differential cross section data has been analyzed using the R-matrix code (SAMMY-8.0.0) [12] to extract resonance parameters such as excitation energy E x , spin J, parity , and proton partial width  p of resonance states. The spin-parity of the proton is J  = 1/2 + and that of the ground state of 25 Al is 5/2 + , which couple together to give the incident channel spin S = 1/2 5/2 = 2 or 3. Therefore, allowed spin-parities of the compound nucleus, 26 Si, are assigned as where J = l S and l is the relative orbital quantum number of the proton with respect to the nucleus.
Since at low energies below ~1.5 MeV Coulomb scattering is dominant or the widths of the resonances are expected to be too narrow, no clear resonance was observed in the excitation function over this energy region. The lowest resonance peak observed around 1.63 MeV was reproduced well by the R-matrix calculation with a J  = 2 + assignment. This is in good agreement with previously reported assignment for this resonance level [13] [14] [15] . The second small peak around 1.89 MeV was fitted best with a J  = 4 + assignment. The most recent study by Chen et al. [16] suggested J  = 2 + assignment, however this is difficult to confirm due to the large error bars. As shown in figure 2(a) , the result of fitting our experimental data with a J  = 2 + assignment was worse than in case of a J  = 4 + , the previously reported assignment [13] . A resonance to attempt to describe a small bump around 2.35 MeV in the middle of the two prominent peaks was included in the R-matrix calculation. Exclusion of this bump resulted in a less satisfactory fit for the tail of the most prominent peak around 2.14 MeV as shown in figure   2 (a). An assignment of J  = 1 -for this state was adopted from previous work [14, 15] . However we could not confirm the spin assignment clearly due to the narrow peak for this resonance. The third resonance (around 1.97 MeV), fits best with J  = 2 + , which together with the level energy is in good agreement with the previously reported assignment for this level from transfer reaction studies [13] [14] [15] and the previous proton resonant scattering experiment [16] .
As shown in figure 2(b) , the fourth resonance at 2.14 MeV was fitted with J  = 2 + , 3 + or 3 -assignments, which were based on previous measurements [13] [14] [15] [16] . The best fit was obtained
+ , but J  = 3 -could not be reproduced and totally deviated from our data. Because the fit results of both J  = 2 + and 3 + were consistent with experimental data, we could not determine the final spin assignment clearly for this resonance. Furthermore, in the recent highresolution study of Matic et al. [13] , two states in this region were measured at E x = 7.661(12) and 7.701(12) MeV, but there was no difference in fitting results between a single and a doublet state with our data.
Lastly, the fifth resonance around 2.46 MeV corresponds to a level at 2.501 (14) MeV from Chen et al. [16] , which has observed this state firstly, suggesting an assignment of J Table 1 . The uncertainty in the energy includes both systematic and fitting uncertainty. ) are shown but without firm spin-parity assignments for the fourth and fifth resonant peaks.
